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(57) Abstract: A dual packet configuration for wireless mnmmricarions including a first portion that is modulated according to 
a serial modulation and second portion that is modulated accor din g to a parallel modulation. The serial modulation may be DSSS 
whereas the parallel modulation may be OFDM. The first portion may include a header, which may further include an OFDM mode 
bit and a length field mriicaring the duration the second portion. The first portion may be in accordance with 802. 1 lb to enable dual 
mode devices to coexist and communicate in the same area as standard 802.1 lb devices. The dual mode devices can communicate 
at different or higher rates without interruption from the 802.11b devices. The packet configuration may include an OFDM signal 
symbol which further includes a data rate section and a data count section. In this manner, data rates the same as or similar to the 
802. 1 la data rates may be specified between dual mode devices. The first and second portions may be based on the same or different 
clock fundamentals. For OFDM, the number of subcarriers, pilot tones and guard interval samples may be modified independently 
or in combination to achieve various embodiments. 
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Dual Packet Cbnfignraticm far Wireless Crmmmrnratif^cf 

The present iuvmliuu relates to wireless c o i i ii m i nfrat f nn s, and is particnlar to a dual 
packet configuration for use in wireless local area networks. 

The Uixlhsthme of Electrical and 
5 a family of standards for wireless local area networks (YVLAN) in the unlicensed Z4 and 5 
Gigahertz (GHz) bands. The current 80211b standard d^^^ 

ba ^ , mrmrting d at a Tate saf1,2,55a^ The 802.11b standard 

nsesdirec± sequence spread specrromfDSSS^ 

is a serial modulation tecimiqae- The 80211a staaiard defines different and higher data rates 
10 of 6, 12, 18, 24, 36 and 54 Mbps in the 5 GHz band. It is noted mat systems hnplemented 

according to the 80211a and 80211b staiuiards are incompatu^ 

A new standard in the U. S. A. is being pxorx)sed, referred to as 80Z11 HRb (me '-HRb 

proposal^, which isalu^ date rate extensu^ The present 

tnne, the HRb proposal is onlyapropc^ Several 
IS significant technical challe^ It is desired that the 

HRb devices be able to CCTnrmmicate at date rates higher than me standard 802.11b rates in the 

2.4 GHz band. In some configuration* it is desired that the 80211b and HM> devices be able 

to coexist in the same WLAN environment or area without sigmfirant interference or 

intenruption from each oth&, reganlless of whether m 
20 oimmumcate with each other, ftmay further be desired that the HRb and 802.11b devices be 

able to communkafe with each other, such as at any of the standard 802.11b rates. 
The present invention mchirips ad 

comprising a first rxirt^ 

portion mat is modulated according to a parallel modulation, and preferably the serial 
25 modulation cumpusmg (hrerf spectrum (DSSS); and the paralM modulation 

comprising orthogonal frequency division mnltrplexing (OFDM). 

The mvention also inemdes a wireless comTTmmcation device that is amfigured to 

communicate using a dnal packet configuration, comprising a t ransmitter configured to 

transmitpacketewhhadri^ receiver confignred to receive packets wim a dual 

30 <»»>fig«natian,andmedrialpadcetOT 

rxjrtionmcdukted according 

according to a parallel modulation method, and in which the serial modulation is direct 
sequence spread spectnrm (DSSS) and tn^ 
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division multiplexing (OFDM). 

Theiuvtailiunfartbem^ ngmgadnal 
padeetamfigo ratton ^ ni i ^^ 

modulation, and modulating a second portion of parh packet according to a parallel 
modnlat km, the mo dnlating a first portion of each packet mm prigy ng modnlati n g am ?rriin g to 
dii^seqnenceqTOad^pectnim(DSSS), and ttemodtOating a secorui portion of each pac^ 
c omprismft Tnoefalatin g according to orthogonal frequency division Tmil+jpT<»YTng (QFPM). 

Qmvememiy, a dual packet configuration for wireless commm^ 
at least one embodiment of me present invention includes a first portion that is modulated 
accordmgtoaserialmodnfation 

modulation, m one embodiment, the serial modulation is direct sequence spread spectrum 
(DSSS), and the parallel modulation is orthogonal frequency division nmmplexmg (OFDM). 
In farms embodiments, the first portion may include a preamble and a header , where the 
preamble may be short or long. T h e h ea d er may further mdttde an OFDM mode bit iruiicatmg 
OFDM mode, ami a length field indicating me dnration the seomd portion 

Advantageously, the first portion may be modulated m accordance with the 80Zllb 
standard and readily received and understood by 80Zllb compatible devices operating in the 
Z4 GHz frequency band. Each8Q2Jlbdevicereceives the preambled 
thedunmbnafthednalpacto 

tobaekaffemxmgt r a re m^ m this maTmer. dgvira rrrnvrmTTTireH^ 

with the dual mode packrtcxmfiguralion wffl 80Zllb devices, andmay 

thus coexist within the same omnmmrication area as the standard 8QZllb devices. 

FtuQ iermo re, devices triiKzing a dual mode padket configuration according to certain 
embodiments may coexist with 802Jlb devices in the 2.4 GHz frequency band while 
cornrmTniratrng at different or even greater data rates afforded by OFDM, such as data rates 
smiilartome 80211a standard. Whereas me 802.11b devices are amermyKmited to 11Mbps, 
the dual mode devices may operate at 54 Mbps or higher depending upon the particular 
configuration. The OFDMmode bitindicates OFDM mode to another target OFDM device. For 
such OFDM embodiments, the packet configuration may include an OFDM synchronization 
pattern, an OFDM signal symbol and an OFDM pay load TheOFDMsignalsymbolmay farther 
include a data rate section and a data comit section for specifying the d 
data bytes in the payioad. fa tms manner, data rates the same 
rates may be specified between dual mode devices, sodi as 6, 12, 24^36 or 54 Mbps. 

In at least one embodiment, the first portion of the dnal packet cxmfigurai^ 
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based on a first dock f undamen tal whereas the second portion is based an a second clock 

fundamental. In one embodiment for example, the first dock fundamental is approximately 

22 MHz, whereas the second dock fondamental is approximately 20 MHz. The 22 MHz dock 

signal is the dock f undamenta l far the 80211b standard to enable comp^ 

devkeswhm operating in theZ4GHz band. Ihe 20 MHz doti fondant 

OFDM modulation technique, so that an increased data rate is achieved within the 2A GHz 

band. 

M alternative embodiments, the first and second portions of the dual packet 
configuration are both based on a single* dock fundamental, such as 22 MHz. Various 
embodiments are contemplated for the single dock fundamental hi one embodiment each 
OFDM symbrfindudes a guard interval with 

as 16 samples according to 802Jla. Alternatively, the guard interval includes an increased 
number of samples, such as 24 samples. 

Inyetfurther embodiment^ 
a standard number of frequency subcarriers, such as 52 frequency subcarriers according to 
80211a. Alternatively, arednred nnrnberc^frequericysnlxarri^ 

subcarriers. hi one embodiment, each frequency subcarrier is a data subcarrier whereas in 
another embodiment pflot tones are included. In yet another embodiment eadi of the 
frequency subcarriers are initially data subcarriers and a subset of the data subcarriers is 
discarded and replaced with a correspcmd Upon 
reception of the packet the discarded data subcarriers are recreated ngmgiw^jyi^ data, gpch 
as, for example, application of error correction code (BCQ techniques. 

A wireless communication device according to the present invention includes a 
transmitter and a receiver where each are configured to communicate with a dual packet 
configuration. The rtnalpacket configuration^ 
portions configured according to a serial modulation tedm^ 

is configured according to a paralM modulation techn^^ As described previously, the dual 
packet configuration may utilize DSSS modulation as the serial modulation technique and 
OFDM as the parallel modulation technique. The wireless rannmrnication device may include 
two separate clock somra if utilizing a 
dock fundamentals. Alternatively, a sin^ 

portions are based on the same dock fundamental. The dtial packet ^f^^fii^w ^'^ fl' tfrp p nirii^p< il by 

the wireless eOTTmrnniratioTi device is 

previously. 
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Ba farther embodnrteirfcs, the transmitter and receiver may <**rh be capable of 
a *mmnmca tin^ Thefir^ 
serial portion is not used, so that overall data throug hput may be increased. The super short 
mode is used only for dual mode devices and is generally not compatible with single mode 
5 devices. For example; the parallel modulation mode is not compatible with the serial 
modulation techniques utilized by the 802Jlb devices, so that a dual mode device may not 
coexist or mnm i ui ifc ate in the same area as active 80Zllb devices* For embodiments in which 
the se rial modulation for the first padketpcrticms are 80Q_1Th compatible; *fr«> super shortmode 
is advantageous when 80211b devices axe slmtcfi or otherwise rot active 
10 that the dual padc et mode devices may 

In yet a further embodiment, die transmitter and receiver may each be capable of 
coontmniiricaiingm 

serial modulation. For example u^ mode may be advantages 

is companlte without device Thus, the dual mode devices may 

15 indnde the capability to communicate with the 8Q2JLlb devices in standard mode at die 
standard 802.11b rates, while also able to communicate wife other dual mode devices at 
dif fetngtt or highpy dartq natPfl. 

A method of wireless communication using a dual packet configuration according to 
embodiments of the present invention includes modulating a first portion of each packet 
20 according to a soM modulation and modulau^ 

a parallel modulation. The serial modulation may be DSSS and the parallel modulation may 
be OFDM The method may further m 

previously. The method may further comprise switching to a super 

which only fee second portion modulate aramfang to thg paraTtel mr^nl^r^ j ff Tttfliged for 
25 communications. The super short mode enables enhanced camnrnnications with other dual 
mode devices. The method may farther 
wfaiA the second portion is modulated ac^ 
For 80201b conn>ahT>leemb 

80211b devices and enhanced commmricatkm with other dual mode devices, 
so Ihe present inventkm wffl now be 

accompanying drawings in which: 

FIG. 1 is a Hock diagram of a WLAN system inclnding four devices operating within the same 
room or area, where two of the devices are implemented according to tn^ 
the other two are implemented according to the HKb proposal. 
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FIG. lis a amplified block diagram of an exemplary transceiver 

of the present inve n ti on that may be utilized in either or both of the HRb devices of FIG. L 
FIG, 3Ais a graph d iagram of a packet crrnfigtrratirm TrtiTiVrng H lmg preamble- 
HG. 3B is a graph diagram of an alternative packet configuration utilizing a short preamble. 
5 FIG. 4 is a graph diagram of an exemplary header, which may be used as the header for the 
packet configurations of FIGs 3 A or 3B. 

FIG. 5 is a graph diagram of a packet configuration implemented according to a dual clock 
fundamental embodiment of the present invention. 

FIG. 6A is a simplified Hock diagram of a transceiver configured to utilize the packet 
10 configuration of FIG. 5. 

FIG. 6B is a si m plifi ed Hock diagram of an alternative transceiver configured to utilize the 
packet configuration of HG. 5. 

FIGs. 7A-7C are graph diagrams illustrating a packet configuration tiHKgfog a single dock 
fundamental. 

15 FIGS. 8 A-8C are graph diagrams illustrating another exemplary packet configuration utilizing 
a single clock fu ndamen tal and a standard number of samples in the guard interval 
FIG.9A is a graph diagram of packet configuration utilizing 48 subcarriers. 
HG. 9Bisagraphdiagjamffln^^ 
and four pilot tones. 

20 FIG. 9C is a graph diagram of an alternative subcarrier configuration for the packet 
configuration of FIG. 9 including 48 data subcarriera. 

FIGS. 10A and 10B illustrate the packet configuration of FIG. 9 in which four of the 48 data 
subcarriera are replaced wife 

FIG. 11 is a table diagram illustrating comparisons of the various OFDM embodiments 
25 illustrating variations in data rates, OFDM symbol dtrratioiv spectral width, thermal noise and 
defey spread spectrumasaresulttf dockrates,mrmberofsu^ 
of pilot tones, and the number of samples in the guard interval. 
HQ 12 isa graph diagram of an exempt 
prga-mhfe embodiment 

30 Hgure 1 is a Hock diagram of a wireless local area network (WLAN) system 100 

operating within a particular room 

109 (103-109) are located within the area 101. The devices 103 and 105 are implemented 
according to at least one of several embodiments of the present invention with the HRb 
proposal in nrind, whereas the devices W 
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standard. M of devices 103-109 operate in fte 2.4 GHz band. The devices 103-109 may be 
any type erf wireless cnminnnican^ 

laptop, etc), any type of compatible tefecm nmcation device, any type of personal digital 

assistant (PT)^, or arry other type of network 
5 hubs, switches, routers, etc It is noted mat the present mventton is not hmted to me HRb 
proposal, the 802JUb standard, the 

these standards and frequencies may be utilized moertam embodiments. 

The devices 107 and 109 commtmicate wimeachother at any erf me standard 802.11b 
rates, mdndmg 1,2, 55 and 11Mbps. The devices 103 and 105 axe dnalmode devicesmat 
10 c oi, u »,..nrat Pwim^ch other at different or 
according to any cme of several embodhn^ 

data rates of 6, 9, 12, 18, 24, 36, 48 or 54 Mbps. Alternative data rate groups are considered 
berem,sudiasafhst group of ^,9.9,13^19*26.4,39.6,523OT59.4Mbps,orasecc^grotm 
of 55, 8^5, 11, 163, 22, 33, 44 or 493 Mbps, or a third gronp of 6.05, 9.075, 12J, 18J5, 24^, 363, 
IS 48.4 or 54.45 Mbps. The second group is advantageous as memding two of the 802.11b 
standard data rates, namely 55 and 11 Mbps. 




or coexist 



mthesamearealOlwimc^signifi^ 
coh,.,,,,,riratPwim each c^her at differed 
20 In the first embodiments, the devices 103, 105 may communicate with each other while the 
devices 107, 109 may communicate with each other, but the devices 103, 105 do not 
communicate with the devices 107, 109. mcme or more secorid embodiments, at 1^ 
dualmcdedevicesl03,105isconfigmedwima 

either of the devices 107, 109 at any one or rnore of me standard 802Jlb data rates, mat least 
25 one mirdernbodmient, the dual mode device 

and oammmricate at different or higher d at a r a t es and are incompatible with the devices 107 

and 109,somatme devices 103-109 are not able to coexist wm^ me same area 101. The dual 

mode devices 103, 105 may be hnplemented to operas 

frequency bands are cc ntemp la ted. 
30 mthem^OTsecondembodinH^ 

ccmmunkntewimeachomerwimou±in^ 

andl09. This presents a significant technical challenge since the devices 103, 105 operate at 
diff Ei^nt data rates when otmrnTrmr^ting with each other. The presertmventian solves this 
problembyenabhng the devices 103 aiu31(©tote 
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each other at different or at higher data rates white residing ma same area 101 as the 8Q2Jlb 
devices 107, 109. Further, in the second embodiments the devices 103, 105 may also 
commnnicate with either of the devices 107, 109 at the 802Jlb data rates 

FIG. 2 is a simplified block diagram of an exemplary dual mode transceiver 200 
5 aaxmKngtoaneembodh^ 

the devices 103, 105. The transceiver 2D0inchides an e^ 
exemplary dual mode receiver 203. Within the transmit 

enoxiermatapartknlarrate The data from the encode mis provided to 

a modulate and filter 213, which modulates the encoded data onto a transmission signal 

10 asserted vnacnm^wndingantmnae 215. The transmitted signal is receive 

221 of the receiver 203, which provides the recrived signal to an eqoaKz» and retrain sys^ 
223. The equalizer/retrain system 223 demodulates the received signal and provides a 
demodulated signal to a decoder Within the decoder 225, 

a soft decision block 227 provides soft decision signals to a hard decision block 229, which 

15 formulates the final ontpnt data. 

FIG. 3A is a graph diagram of a dnal packet configtcration 300 according one 
embodiment of the present invention utilizing a long preamble. The packet configuration 300 
includes along preamble 301, which may be implemented acc^^ 
having 144 hits. Abo according to the 802.11b standard, the long preamble is tr^ 

20 data rate of 1Mbps. The long preamble 301 is follow^ 

implemented according to the 8Q2JUb standard having 48 bits t^^ 

Mbps. In accordance with the 802.11b standard, the preamble 301 and header 303 are 

transmitted mapprood^ Instead of a normal 80211b padcet 

however, thepacki*amfigur^ 
25 (OFDM)syndmmizatian(sync)p^^ 

by an OFDM payioad 307. OFDM is a parallel modulation technique utilizing a plurality of 

subcarrier frequencies t ran s mitted in parallel far each of a plurality of OFDM symbols, as 

further described below. 

TheOFDMsyncpaitem3(6imybeimp 
30 is transmitted in appracimaiefy 16 jisecs. For example, the OFDM sync pattern 305 may be 

implemented according to the OFDM sync pattern specified in the 802.11a standard, which is 

a special pattern that enables a receive 

the payioad wffl arrive. The OFDM signal symbol 306 mayalso be implemented acrording to 
the 80Zllastamlard and is transmitted in As shown, the OFDM signal 

7 
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symbol 306 iixindesadata rate section 308 and a data count sectian309. The data rate section 

308 is a bit field specifying the data rate> such as the standard 8Q2^Urate^ 

section 309 is a hit fiddiiKiicat^ hi one 

embodiment the OFDM payioad 307 is comprised of OFDMsymboIs at any one tf^ 

standard data rates of 6, 9,12,18, 24, 36, 48,or54Mbj^whidiareFErcstibla^ 

Units (PSDU) selectable. The OFDM payioad 307* 

neoessarOjr directly related to the number of OFDM symbols in the payioad portion. 

FIG. 3B is a graph diagram of an alternative packet configuration 31 0 incorporating a 
short preamble 311. Inmembodfrneitf 
310indndesa 724^preamHe3U transmitted^ 

at 2 Mbps, followed by an OFDM sync pattern 315 similar to the OFDM sync pattern 305, 
followed by an OFDM signal symbol 316 similar to the OFDM signal symbol 306, which is 
faDowedhyanOFDM payioad 317 
daiarates. The data rates are I^Uselectabfe mas 

According to 80111b, the short preamble 311 and the header 313 are transmitted in 

approximately 96 usees. Ag^maccnrding to 802.11^ 

in 16 iisecs, the OFDM signal symbol 316 is transmitted m 4 ^secs 

is transmitted in Kjisecs. 

The short preamble 311 is utilized to reduce overhead and allow more data to be 
transmitted in the same amount erf time as compared to the long preamble 301. A system 
utiteang the short preamb 

accurate reception of data. The OFDM signal symbol 31 6 may also include a data count and 

dateratesimflartotheOFDMsig^ 

OFDM date rate of the payfoad portion. 

FIG.4isagraph diagram of anexemplary header 400, whichmay be used as the header 
303 for the pacfa* configuration 3W 
header 400 may be imp^^ 
anftbitsigiialfield401,m 

redundancy check (CRQ field 407. The header 400 is modified, however, to include OFDM 
mode bit 404 withinthe serocefidd4D3 to denoted OFDM mode erf operation The signal 
field 401 is normally used to a ccommo date rates of up to 255 Mbps according to 802.11b. 
However, if the OFDM mode is indi c ated by the OFDM mode bit 404, then the signal 4Q1 
isiid^t^differeuflyas 

of Ae devices 103, 105. In some embodiments, the 802.11a standard data rates are used. 
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inrhidmg 6, 9, 12, 18, 24, 36, 48, or 54 Mbps. Alternative data rates are used in alternative 
embodiments, as farther de 

as 802.11b and indicates the duration or number of usees for transmission of the OFDM sync 
pattern, signal symbol and payload, snch as either of the OFDM sync patterns 305, 315 (16 r 
5 ^secs),signalsyinbGls306,316^ 

length field 405 includes a bit pattern representing the number K+ 20 usees. If actual packet 
length is equal to a fractional number of usees, then the length <™>H 405 specifies the next 
highest integer. Iwexanq)!^ an actual padc^lesigth of 237.4 jisecs would use 238 in thelength 
field. The CRC field 407 is utilized in a similar manner as the standard header for 802JLlb. 
10 fcgCTeral,thednalpacket^^ 

preamble and h e ader and a second portion comprising the OFDM sync; signal symbol and 
payload. Them^stportianismodnlated according to se ri al modulation, such as direct sequence 
spread spectrm^(DSSS) according to 

to parallel modulation, snch as OFDM. It is appreciated that either dual packet configuration 
15 300 or 310 utilized by either of the dewces 103, 105, when configured accordm^ 

modulation of 802Jlb, are readily received and understood by either of the devices 107, 109. 
mparticular, the long preamble 301 and h 

preamble 311 and the header 313 of the packet configuration 310, are implemented in a similar 
maimer and transmitted Regardless 
20 of whether the 802JLlb devices 107, 109 are able to detect or otherwise interpret the OFDM 
modebit404indicatingOro 
a duration of the second portkm of m^ 

of the length of the OFDM sync, signal symbol and payload of a packet transmitted by either 

of the devices 103, 105. m this manner, any 80Zllb device in the same area, such as the area 
25 101, as a dual nuxle device uti^^ 

informed of the amount of time to back off during transmission of a dual mode packet 

regardless of its data rate. 

The devices 103,105 are amfi^uedtodetecttheOFDMmodebtt 

403andtocorrespondmgfyint^ 
30 technique and the data rate of tratCT^ 

105. When the OFDM mode is imfiralpri, fee devices 103, 105 are farther configured to detect 

the OFDM sync pattern, read the OFDM signal symbol, and retrieve the data in the OFDM 

payload. m this mamier, when the devicesl^ 

300 or 310, they may commxmicate at dm c erent or higher data rates whfe 
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same area 101 as any 802^H> device such as the devices 107, 109. The devices 103, 105 may 
farther be configured with a standard mode to coixaxmrnjcate with the devices 107, 109 at the 
standard 8Q2Jlb data rates if desired. For example, the devices 103, 105 may mrhtdp the 
necessary 8Q2Jlb com mmri r atinn drcmtry. It is Doted that the devices 107, 109 are unaHeto 
5 understand or receive and demodulate the OFDM sync, signal symbol and payioad portions 
of the packet omfigunriiora The devices 103, 105 may furtherbe 

amfi^ured to switch toasoperdiortmo 

par aMmodnlation pcrtion In the super short mode, 

the devices 103, 105 may not coexist with active devices 107, 109, and thus may be used when 
10 the devices 107, 109 are switched off or otherwise removed from the area 10L 
FKL5 is a graph diagram of a dual packet configuration 5TO 
adnaldodcf nmfame^ The packet configuration 500 

isshowncorrespondingtoente 

501, followed by a header 503, followed by an OFDM sync pattern 505, followed by an OFDM 
15 signalsymbol506,fol!owe^ The preamble 501 is according to eithCT 

of the longor shortpreambles 301, 31L The header 503 is implemented according to 

headers 303 or 313 depending upon the rate of transmission (1 or 2 Mbps). The OFDM sync 

pattern 505 is implemen ted according to either of the OFDM sync patterns 305 or 315, The 

OroM signal symbol 506 is impleme^ 
20 ot 316, andmayindude data rate and data count fields m 

packet configuration 300. The OFDM payioad 507 is implemented according to either of the 

OFDM pajdoads 307, 317. 

For the packet configuration 5(X),u^ 

comprise a first 

portion that is transmit^ 
25 theOFDMsyncpattem505,theOFDMsigna^ 

a second portion that is transmitted utilizing a second dock fundamental with parallel 
modulation For8G2JLIb, the first dock fundamental for the preamH 
is 22 Megahertz (MHz). The second dodcfund^men^ 

payioad 507 may be according to 802.11a, such as 20 MHz. In this manner, the packet 
30 ranfiguratian 500 is transmitted using two separate HnHc fimH^nfimY^lQ requiring a switch in 
sampling rate between t he head e r 503 and the OFDM sync pattern 505. Several embodiments 
are considered far providing a rate change solution between the 22 and 20 MHz dock 
ft mdamsntalSi 

FIG. 6A is a simplified block diagram of a dual mode transceiver 600 configured to 
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iitflize^topacketcnnegnialianSOO. The transceiver 600 includes a dnalmode transmitter 
6OT and a dudnxxre receiver 603. Wafamthetemsmib^601,thetr^ 

first and second qnadratare portions which are provided to an I channel digiial-to-analog 
.converter (DAQ 605 and to a Q channel DAC 607. The I and Q channel DACs605, 607 receive 
5 a dodt signal from a switch 609, which r^ 

fromadocksoiirce613anda44MHzclocksignal The 40 MHz dock 

sigp^isbasedonthe20MHzcIodcrandaTnpntaJw 

the 22 MHz clock fimdamentaL The 22 MHz rect^ dock and the 44 MHz tr^ 
harmoTTiralfr related to tte The switch «» is contacted by a 

10 dock mode signal to select eitha the 44 Mfe 

manner, the preamble 501 and the header 503 are transmitted while the dock mode signal 
selects the 44 MHz dock 611 whereas the OFDM sync pattern 505, signal symbol 506 and 
payload 507 are transmitted utilizing the 40 MHz clock signal 

1^ the receiver 603,anIchaTrnd analog-to-digital (ADC) 615 arid aQcharmel ADC 617 

15 receive die respective qoadratnre portions of the received signal. A switch 619 receives the 
dodemode signal and omtrok or ofteiwise 

sonrce621 or a 20 MHz dodc signal frcon a dock sconce 623. The receiver 603 is OOTifignred to 
receive the preamble 501 and header 503 wim 

receive the OFDM sync pattern 505, signal symbol 506 and payload with the 20 MHz clock 

20 signalselectetL The conversion between fte two dod^ 

by the base band processor (HBF), such as an on-chip phase lock loop (PLL) or two external 
dock inputs to the BHP. The transmitter 601 and the receiver 603 nmst each mdude two 
separate dock sources lor switdu^ Fnxttier, 
the DACs 605, 607 and the ADCs 615, 617 must be configured to operate at either dock 

25 fandawipntaT m this manner, the transceiver 600 is a scqnewhatcranphcatEd solute 
additional caariiry 

HG. 6B is a sinmlified block diagram of an a^ The transceiver 

630incfadesatran S nmto631andacorr^ Hereapolyphase filter isused 

to preside the ekide change during n^ Duringme 802.11b portion 

30 of the signal, the polyphase filter is not needed, since a dock of 22 or 44 MHz is already 
provided. DortogtheOFDMpcntionof tbesigr^ 

the signd samples between the two dodedo^ The transmitter 631 operates based ona40 
MHz input signal nhlmnga40 MHz ckxk sonrce^634, provided to a polyphase filter 635. The 
Ocil^uUQfthepohTphase filter 635 are providedtoanIchanndDAC637andaQdiannelDAC 

ll 
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639, which are operated at a 44 MHz clock signal provided from a dock source 641. For the 
receiver 633, the receive signals are provided to an I channel ADC 643 and a Q channel ADC 
645. The Gid^ul* erf the ADC 643, 645 are provided to ap^ 

MHz crarputagnal utilizing a 20 MHz dock source 651. A 22 MHz dock signal from a dock 
5 sonrtg 649 provides the doc^^ 

and the receiver 633 both utilize two separate dock sources. La particnJar, the transmitter 631 
requires the 40 MHz dock source 634 and the 44 MHz clock smnxs 641, whereas fte receiver 
633 utilizes the 22 MHz dock source 649 and the 20 MHz dock source 651. Thus, additional 
docking circuitry is needed and the polyphase filter 635, 647 are rate change filters that are 
10 relatively complicated. 

FIGs. 7A-7C are graph diagrams illustrating a dual packet configuration 700 
irrrplerneritedaccordmgtom 

clockftrndaniental and with increased AsshowninHG-7A,the 
packet configuration 700 is shnflar to the packet configuration 500 and i^ 

15 modulated rx^cm with a preamble 701 and a header 703, and a second paralMriK>dulation 
portion indnding an OFDM sync pattern 705, an OFDM signal symbol 706 and a payload 
portion 7U7. The OFDM signal symbol 706 may include data rate and data count fields in a 
similar manner as described for t^ The preamble 701 is similar to 

the preamble 501 and may be implemented according to either of the preambles 301, 311 

20 depending upon whether a long or short preamble is desired. Abo, the header 703 is 
implemented according either the header 303 or 313 dependmgupra 
such as either lor 2Mbps. Thepadketcorrfignraticm700isd 

packet is transmitted utilizing a single dock ftrndamentaL ha one embodiment the dock 
fundamental is 22 MHz according to 80Zllb. SmcE the OFDM sync pattern 705,signal symbol 

25 706 and payload 707 are implemented utilr^ 
to the 80211a standard. 

FIG. 7B is a graph diagram of an exemplary OFDM symbol 710 that utilizes a 22 MHz 
saurolrngfmidamentalac The 
OroMsymbol710issinuTartoastandani8Q2.11a OFDMsymhnl and frw4„A~ a ^mjintemil 

30 711 followed by an Inverse Fast Fourier Transform (Uft'l) /FFT span 713. TheOFDMsymbol 
710 deviates from the 80211a standard in that the cyclic extension or guard interval 711 is 
comprised of 24 samples rather than the standard 16 samples. The I1W/FFT span 713 inemdes 
64 samples similar to the 80211a standard. It is noted however that the OFDM symbol 710, 
whte transmitted m 4 usees s^ 
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fundamental nnKke fee 8Q2Jla standard based cm 20 MHz. 

FIG. 7C is a graph diagram illustrating the tone pacing of 52 sobcamets 720 of 
OTOM symbol 710, each subcams The sabcarriers 

S0-S51 include datasnbcarriers and pilot tones. The frequoKy spam 720feeadtOFDMsymbol 
5 710 is approximate 17 to 18 MHz (^17^75 MHz) 

sabcarriers of approximate 343 to 344 kilohertz (kHz) (343J5 kHz). The 52 snbcarriers 
accnrdingtothe8amastanda^ 

spacing of approximate^ 312^ The OFDM symbol 710therefore 

exhibits sHgh%nK^kjsB as con^pared to A dual mode transceiver 

10 implementation configured to send and receive the packet configuration 700 utilizing the 
OFDM symbol 710 doesiMrtre^ 

dock fu n da ment a l s Instead- only a smgfe HnrV hm^tmm^l such as 22 MHz, is TtpcPSPary 
However, a sfightloss is experienced with anin^Iementatkmforthe packet configuration 700, 
such as approximately 03 dB. Furthermore more severe filtering is required far fee packrt 

15 configuration 700 at the s ingle clock fundamental as compared to a standard 802.11a 
configuration since the overall spectrum is approximatety 10% broader. The spectral mask for 
the packet configuration 7^ 

HGSi 8A-8C are graph diagrams illustrating another exemplary dual packet 
confignration800 implemented single dock 

20 fundamental and a standard number of samples in the guard intexvaL^ 

die packet configuration 800 is similar to die packet configuration 700, including a preamble 
801, a header 803, an OFDM sync pattern 805, an OFDM signal symbol 806 and a payload 
portion807,a^isbasedonasm^ 

OFDM symbol wavefarmis rfBective^nnodified. Ag^in, the OFDM signal symbol 806 may 
25 inclnde data rate and data count fields in a similar manner as described for fee packet 
configuration^ AsshownmFia8B,forexan^ 

standard 16 samples rather than the24 samples of the guard interval 711. The OFDM symbol 

810 is therefore transmitted in jns^ 

usees. 

30 The dual packet configuration 800 inchides 52 streamers 820 fox 

symbols 810, as shown in FIG. 8C The data rates for the packet configuration 800 is sEgfrtiy 
m o dified as compared to fee data rate of the packet configuration 700. In particular, the data 
rates for fee packet configuration 800 ranges from 6.6, 9.9, 132, 19.8, 26.4, 39.6, 523, or 59.4 
Mbps, winch are slightly greater than the data rates far the packet configuration 700. The 
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spectral width for the packet configuration 800 is approximately 10% wider as compared to 
8(KLlla. One advantage is that the packet configuration 800 is based on the same dock 
fundamental so there is no need for dock switching or two d iffe ren t dods: generators or 
circuitry. Anofter advantage of the packed 
5 is that there is about the same loss as compart 

experienced for the packet configurate Further, the Root Mean Square Delay Spread 
Performance (RMS DS) far the packet configuration 800 is approximately 10% worse as 
compared to 8QZlla. 

FKL 9A is a graph diagram of dual packet configuration 900 similar to d^ 

10 configurations 700 and 800, m 

903, and a second port ion grind ing an OFDM sync pattern 905, an OFDM signal symbol 906 
and a payload portion 907. The dual packet configuration 900 operates with the same or a 
singje dodc fun da me nt al, such as 22 MHz, except that the OFDM waveform is modified to 
include a reduced number of frequency subcamers, such as onfy 

15 subcarriers. Agairy the OFDM signal symbol 906 

in a similar manns as described for die packet configuration 300. The 802.11a standard 
specifiesatotalinmiberafsab 

Utilizing 48 subcarriers rather than 52 generates a narrower spectrum although die spectral 
width is essentially the sameas the 802Jla standard. The packet configuration 900, however, 

20 maybe modifiedmsevendwaystoge 
as further described below. 

Ha9Bisagraphcfi ag i ^m nstratih^ 
of thedualpactoamfigurat^ Jnftns 
configuration there are 44 data su^ ...D43,and4paottones, denoted 

25 P0,Pl,F2andF3. As down in Ha 9B, the organization of the stte^ 

subcarrier DO, followed by a first pilot tone FO, followed by the second data subcarrier Dl, 
which fcthmfoltow^ Then, the data subcarriers D2 to D41 are 

sequential^ placed in or^ 

the fourthpflot tone P3,andf^ Thetocatiansof thepilottones 

30 can vary from that shown. Hie figure merety illustrates one porahility. 
FKI9Cis a graph diagram of an alternative subcarrier corf 
configuration 900 in which all 48 subcarriers are data subcarriers, denoted D0-D47. Indus 
embodiment; there are no pilot tones, and die provided data rates are the same as that of 
802.11a with 24 samples in the guard interval However, if only 16 samples are utilized in a 
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similar m a nn g as shown in FIG 8B, then slightly different data rates are achieved at the 22 
MHz dock fundamental, where each respective data rate is multiplied by approximately LL 
HGS»lQAandlOB3Insta^ 

for the dual packet configuration 900 in which four data snbcamers are replaced with pilot 

tones. As shown in FIG. 10A, the 48 snbcamers are all data snbcamers denoted D0-D47. 

However, as shown at 1001, the data snbcamers Dl, D3, D44 and D46 are ptmcrnred and 

discarded. As shown in FIG. 10B at 1003, the discarded data snbcamers are replace 

pilot tones P0, PI, P2 and P3 respectively. The pilot tones are normally used to keep the phase 

loci loop (FLL) circuitry healthy. It is noted, however, that the PLL may trade on the data 

carriers instead whmno pilot tones are preseir^ The discarded data is reconstruct^ 

or otherwise regenerated by the receiver using the received data that was not discarded. The 

datamaybereconstri^ 

ntiKring forward error correction (TEC) or the Kke. The locations of the pilot tones can vary 
from that shown. The figtrre merely illustrates o 

Another variation for afl of tte 
the number of samples in the cydk extension or guard irtter^ 

a similar manner as described previously for the dual packet configuration 700 and 800 as 

showninHGS. 7Band8B. Forthe48subcairiererm^ 

mtheq^dicextEzisionJErom 

Usees. Furthermore me resulting data rates may be changed from the 8Q2Jla and 802.11b 
sta rtdard Si 

FIG. 11 is a table diagram illustrating co mpa r is ons of the various dual packet 
configurations described heretofore fltustating variations in data rates, OFDM symbol 
duration spectral widths 
of variations in the dodc rates, n^ 

of samples in the cyclic extension or guard interval. The thermal noise performance is 
measured as energy per infonnatian bit (Eb) per noise density or strength (No) and is 
independent of bandwidth. Delay spread performance provides an moWmn «f Trmlttpatfy. 
induced signal dispersion caused by echoes and reflections and is measured as root-mean- 
square delay spread (RMS DS). Eadicrftteembcxiim 

1 to 9, followed by reference numbers flhastratmg the particular packet configur a t i on. For 

exairrpl^embc*li^^ 

cxmfigmedacoordi^ 

with 24 samples like configuratian 710, and embodiment 9 is configured amatiing to packet 
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configuration 900 with 44 data subcamers and data snbcarrier puncture and pilot tone 
i^laoefuefUofaiiifigurdlionsl^ Embodiment 
lutilfaEs 2 dbdc fundamentals 

dock fundamental of 22 MHz. Embodiments 1, 2 and 3 nliKze 52 subcamers, whereas 
5 embodiments 4^ utilize 48 subcara Embodiments 1^6, 7 and 9 utilize four pilot tones 
whereas embodiments 5 and 8 uti^ Embodiments 1,3,7, 8 and 9 trtffize 16 

samples in the guard interval whereas embodiments 2,4,5 and 6 nKK»> 24 samples in die 
guard interval. 

Embodiments 3, 7, 8 ami 9 result in slightly modified OFDM symbol duration of 

10 approximate 3.64 psecs. The spectral width for embod 

standard. Embodiments 2 and 3 exhibit 10% wider spectral width than 802.11a whereas 
embodiments 4-9 exhibit 083% wider spectral width than 802.11a. The thermal noise 
performance for embodiments 1, 3, 7 and 8 axe approximately the same as that of 802.11a, 
whereas embodiments 2, 4^ and 9 ©(hibftsfi^^ The 

15 spread perforaiaiKxforei^ 

5, and 6 exhibit 50% better delay spread performance as compared to 80211a, whereas 
embodimenis3, 7, 8 and9exhihitl0% worse delay spread performance as compared to 802.11a. 

12 isagraph diagram of an exemplary p* 
mode of operation. Ingpneral, the first serially modulated packet portions are droppedfor the 

20 supershortmode. fo the embodiment shown, the packet 
syiK pattern 1201, followed by m 

1205. ft is tmderstood that other parallel nHxhilatio n tedmiqnesmaybetttnized. A data rate 
section 1207 and a data count section 1209 are provided in the signal symbol 1203, The data rate 
section 1207 is a bit field specifying the data mte;sudi as the standard 80Zlla rates, and the 
25 data iXHiiil section 1209 is a bit field fncHcative of the number of data bytes in the payload 1205. 
The packet configuration 1200 does not 

incompatible and not otherwise The entire 

packet configuration 1200 utilizes a singje dock source, such as 20 MHz, to simplify the 
transceiver circuitry. The packet configuration 1200 may be utilizedbyd^ of the devices 
30 103, 105 within the area lOltoa m^ However, the standard 802.11b 

devices W, 109 arenot compatible 
103, 105 utilizing the super short 

A dual packet configuration far wireless communications according to at least one 
embodiment of the present in^^ 
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serial modulatian while enabling c ommuni c at ion at different or higher data rates by using 
p aralMmo dnlaiionfort^ Inpartksilar, the dual jxk^ 

portion that is modu l ated according to a serial modulation and a second portion that is 
modulatpd according to a paralTel modulation. A dual packet coiifigumtim 
5 r oi n pr ising a preamble and header modulated with DSSS serial modulation according to 
80211b in theZ4 GHz band enables dual mode devices to coexist m the saire 
area as 80111b compatible devices. The header includes a length field that specifies the 
duration of the second portion the dnal packet, so 
backoff. The second portion modulated 

10 enables the dual mode devices to oommimicate at different or higher rates, such as up to 54 
Mbps csr more, without inte^ devices. 

fri same embc*irxxieTtts, dual mode transmitters and receivers may each be capable of 
commmhcating in a super short mode in which only the second portion is utilized- The first 
serM portion is not used, so that o^^ The super short 

15 modeisusedonly for dual mode devices 

devices. For example, the parallel modulation mode is not compatible with the serial 
modulation tprhnif p ies utilized by the 802.11b devices, so that a dual mode device may not 
coexist or com m u n i c ate in the same area as active 802.11b devices. Forembodimerrfsinwhicli 
the serial modukticm for the first 

20 is advantageous when8(X21tt 

that the dual packet mode devices may be operate witt enhanced 

In otter embodiments, the dial mode transmitters axid receiver 
crfcoTTmnmicatmgma 

the serial modulation. For example, this mode may be advantageous when the serial 
25 modulation is compatible with otter devicesj/such as 802JLlb devices. Thus, the dual mode 

devices may iiKhide the capa^ 

at the standard 80211b rates, wfaik 

different or higher data rates. 

A dual packet ccaifignration for wireless comrrmmratinns including a first jxxrtian that 
30 is modnlated according to a serial rxKxhdation and a second portion Aat is modulated 

according to a parallel modulation. The serial modulation may be DSSS whereas the parallel 

modnlationmaybeOFDM. Thefirstportimmayindr^ 

an OFDM mode bit and a length field indicating the duratian the second portion. The first 
portion may be in accordance with 8Q211b to enable dual mode devices to coexist and 
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co mmun icate in the same area as standard 8Q2Jlb devices. The dual mode devices can 
e oTTTTmrrTfca tE at different or higher data rates without interruption from the 80Zllb devices. 
Thepadcetcunfitturalim 

rate section and a data count section, hi tins maimer, data rates the same as or similar to the 
5 802Jla data rates may be specified The JSrst and second portions 

may be based on the same or different dock fundamentals. For OFDM, the number of 
subcamers, pilot tones and guard interval samples may be rarefied independently or in 
combination to achieve variant pmhndfmpnfg 
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Claims 

1. A dual packet configuration for wireless communicatioiv coinprismg a first portion 
that is modulated according to a serial modolatioxv and a second portion that is modulated 
according to a parallel modulation, and preferably the serial modulation comprising direct 
sequence spread spectrum (DSSS); and the parallel modulation c ompr ising orthogonal 
frequency division multiplexing (OFDM). 

2. A dual packet configurations darrned in claim 1, wherein the first portion includes 
a preamble and a header, in which the preamble comprises a long preamble, or a short 
preamble. 

3. A dual packet configuration as claimed in claim 2, wherein the header including an 
OFDM mode bit, and the header farther minding a length field indicating the duration the 
second portion, in which the second portion comprising an OFDM synchrxmization pattern, an 
OFDM signal symbol, and an OFDM payloaA 

4. A dnalpacket configuration as riafmed indaim3 / including the OFDM signal symbol 
including a data rate section and a data count section, and in which the first portion based on 
a first clock fundamental, and the second portion based on a second clock fundamental. 

5. A dual packet configuration as claimed in claim 4, wherein the first clock 
fundamental is approximately 22 Megahertz (MHz) and tile second clock fundamental is 
approxima tely 20 MHz. 

6. A dual packet configuration as claimed in claim 4, wherein the first and second 
portions are based on a single clock fundamental, with the second portion inctadrng OFDM 
symbols, each OFDM symbol includes a guard interval with a standard number of samples fox 
OFDM, or with an increased number of samples. 

7. A dual packet configuration as claimed in claim 6, including the second portion 
incfaidingOFDMsymbols wheremeachOFDM symbol includes * npdmwl number of frequency 
subcamers, and preferably each OFDM symbol includes 48 frequency subcarriers. 

8. A dual packet configuration as claimed in claim 7, wherein each of the frequency 
subcarriers is a data subcarrier, the frequency subcarriers include at least cme pilot tone, and in 
which a subset of the data subcamers is chscarded arid replaced wit^ 

of pilot tones for tra n s m ission, and wherein upon reception the discarded data subcarriers are 
recreated using received data. 

9. A wireless communication device that is configured to communicate using a dual 
packet configuration, com pr isi n g a transmitter configured to transmit packets with a dual 
configuration, a receiver configured to receive packets with a dual configuration, and the dual 
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packet configuration mrfadingfirstand second portions, the fkslpoi tionmodnlated according 
to a serial modulation method and the second portion modulated according to a parallel 
modulation method, and in which the serial modulation is direct sequence spread spectrum 
(D8SS) and the parallel modulation method is orthogonal frequency division multiplexing 
5 (OFDM). 

10. A wireless c omm u nicat ion device as claimed in claim 9, wherein the first portion 
indudingaheaderwithapOFDMmocte!^ 

duration of the second portion and comprising a first clock source based on a first clock 
fu ndamen tal, the first portion based on the first clock fimrfaTngrrfaT,, and a second dock source 
10 based an a second clock fundamental, the second portion based on the second clock 

11. A wireless comnnmication device as claimed in claim 10, wherein the first dock 
f und a mental is approximately 22 Megahertz (MHz) and the second dodk fundamental is 
approximately 20 MHz, including a dock source based on a dock fundamental, die first and 

15 second portions based on the dock fundamental the second portion includes OFDM symbols, 
each OFDM symbol including a guard interval with a standard number of samples for OFDM, 
or with an increased number of samples. 

12. A wireless communication device as claimed in claim 11 , wherein the second portion 
includes OFDM symbols, each OFDM symbol including a reduced number of frequency 

20 subcamexs^eachoftheftequ^ 
include at least one pilot tone. 

13. A wireless communication de^ 
discarding atleast one of the data sub^ 

a corresponding number of pilot tones, and the receiver regenerating the discarded data 
25 subcarriers based on received data snbcarriers, the transmitter and receiver each capable of 
commu ni ca t i ng in a super short mode in which only the second portion modulated armHfng 
to the parallel modulation is utilized, or die transmitter and receiver each capable of 
comuttiiikating in a standard mode in which the second portion is modulated according to the 
serial modulation, and preferably the transmit 
30 2.4 gigahertz frequency band. 

14. A method of wireless cxxmmmrication using a dual padcet configuration, comprising 
modulating a first portion of each packet according to a serial modulation, and modulating a 
second portion of each packet according to a parafld modulation, the modulatingafa^ 

of each packet comprising modulating according to direct sequence spread spectrum (DSSS), 
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and the modulating a se cond portion of each packet comprising modulating according to 
orthogonal frequency division multiplexing (OFDM). 

15. A method as daimed in Harm 14, characterized by including a header with an 
OFDM mode bit in the first portion, and including a length field in the header indicating a 
5 duration of the second portion, the modulating a first portion of each packet comprising 
modulating based on a first clock fundamental, and the modulating a second portion of each 
packet cxr mpmmgTnodnlatTn g based on a second dnrk fundamental fn which the modulating 
first and se cond portions of each packet c ompri ses modulating based on a single dock 
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